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ABSTRACT

In computer simulation method for motorcycle rider
motion in collision of motorcycle to car, we have
validated the computer simulation results in two cases
in which a motorcycle runs into a running car side with
45 degree and 90 degree angles. The simulation software
of explicit finite element method (FEM) has been used,
because of its capability for expressing accurate shape
and deformation. The mesh size was determined by
considering a simulation accuracy and a calculation time,
and FEM model of a motorcycle, an air bag, a dummy,
a helmet and a passenger car were built. To shorten
calculation times, a rigid body was adopted to a part of
the model and contact regions were limited. As the
results, higher accuracy of head speed and posture at the
ground contact of dummy was obtained in simulations
of the two cases this time. Calculation time of the two
cases was about 50 hours with the computer of
14.4Gflops.
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Fig. 2 Impact configuration of 90 degree
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Table 1  Numbers of nodes and elements

Motorcycle | Dummy Airbag | Automobile Total

Number of

25618 34962 4768 178329 243677
nodes

Number of

34821 35567 4692 168916 243996
elements
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Fig. 3 Motorcycle model
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Fig. 4 Comparison of motorcycle motion between simulation and test in rigid barrier collision
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Fig. 5 Comparison of acceleration of motorcycle frame
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Fig. 9 Helmet model
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Fig. 10 Comparison of acceleration in helmet drop test
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Fig. 15 Comparison of rider and motorcycle motion in 90 degree collision

Simulation
Fig. 16 Comparison of fall motion of rider in 90 degree collision

Table 2 Comparison of torso angle and head velocity
of rider

45 degree collision

Test Simulation
Torso angle deg 41 48
Head velocity m/s 7 6.02

90 degree collision

Test Simulation
Torso angle deg 31 34
Head velocity m/s 4 4.69
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ABSTRACT

The paper presents new Object Oriented Formulation
of the FE algorithm that encompasses traditional FE,
Super Element, experimental data and rigid body
mechanics in a single calculation environment. The new
formulation is implemented in a software for dynamic
crash simulation of an arbitrary 3D frame structure
discretized into Super Elements and subjected to large
dynamic crash loading. The paper presents basics of the
general algorithm and element formulation. The
theoretical part is followed by the discussion of
benchmark tests and result of application of the real
world structures.
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Fig. 1 Object oriented discretization of thin-walled
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(2) Initialization of elements
me:. mass J¢ : moment of inertia

'

(2) Initialization of nodes
7 : velocity ®° :angular velocity
m : mass J :moment of inertia

»
L

(3) Element-by-Element y

1. Compute increments of rotation in all SBE

2. In each SBE: compute measures
of deformation and dynamic force

3. In each node gather the internal force and
moments, F lm, M™

4. In each node compute resulting force and
moment

Fn — Fext . Fint o qump
Mn — Mext . Mint . Mdump

(4) Node-by-Node v

1. Get forces and moments from interfaces
and calculate reduced force and moments,

F'M"
2. Compute accelerations

i;n — m—an (bn — (Jn)—lmn
3. Update nodal velocities

i+ . .n—1/2
PR = AL

(Dn+1/2 — (DnAt +mn—1/2

4. Enforce essential boundary conditions
for predefined set of nodes

. n+1/2 172 172
i = e o =)

5. Update inertia properties, J and m

6. Update nodal displacements and orientation

.n+1/2 . .n—1/2
P = AL+ P

7. Update counter and time
n=n+1t=t+ At

no

Fig. 6 Flow diagram of numerical procedure
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Fig. 7 Idealized deformation mechanisms
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Fig. 10 Organization of the design/calculation environment for 3D large deformations beam systems
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